To mitigate negative impacts of delayed migration it is necessary to understand the causes of avoidance exhibited by animals at behavioural barriers. For downstream migrating juvenile salmon, avoidance of velocity gradients at anthropogenic structures may compromise fitness. Building on previous experimental investigations on salmonid response to velocity gradients, this study aimed to quantify impacts of behaviour on subsequent passage in the presence and absence of visual cues. In an experimental flume, downstream moving juvenile Chinook salmon, Oncorhynchus tshawytscha, encountered either a high or a low velocity gradient created by an orifice weir, under light (95 lx) or dark (infrared illumination only) conditions. The majority of fish exhibited an observable response on encountering accelerating velocity, with avoidance behaviour elevated when light (45%) in comparison to when dark (12%). More time was spent facing the flow when the velocity gradient was high. Fish that exhibited avoidance were delayed by approximately eight-fold, travelled 3.5 times further, and experienced a higher mean cumulative velocity gradient across the body length (spatial velocity gradient) prior to successful downstream passage. This study highlights the impact of variation in behaviour on fish passage, and the potential for combined multimodal signals (in this instance visual and mechanosensory) to be used to repel fish, for example from hazardous areas such as turbine intakes. Conversely, by limiting information available, undesirable delay, for example at entrances to downstream fish bypasses, may be reduced. Ó 2014 The Association for the Study of Animal Behaviour. Published by Elsevier Ltd. All rights reserved.
Periodic or seasonal movements between habitats are common for many terrestrial and aquatic taxa (McFarland, 1999; Skov et al., 2010) . In a physically diverse environment, barriers may fragment habitats by impeding migration and dispersal of individuals. In severe cases, often as a result of anthropogenic development, populations can become small and genetically isolated, increasing their risk of extirpation (Morita & Yamamoto, 2001; Newmark, 1991; Winston, Taylor, & Pigg, 1991) . Barriers to animal movements are most often perceived as physical structures such as fences (e.g. for wildebeest, Connochaetes spp., Williamson & Williamson, 1984) , roads (e.g. for foraging hedgehogs, Erinaceus europaeus, Rondinini & Doncaster, 2002) and dams (e.g. for migratory fishes, Fukushima, Kameyama, Kaneko, Nakao, & Steel, 2007; Pringle, 2003) . However, nonphysical features associated with anthropogenic structures or activities that inhibit the dispersal ability of animals by behavioural means can also have profound ecological effects. For example, artificial lights have been shown to hinder the sea-finding performance of hatchling turtles (Witherington & Bjorndal, 1991) and disorient migratory birds (Ogden, 1996) . These behavioural barriers may prevent, limit, confuse and delay movements of animals, leading to increased energetic costs, predation risk and fragmentation of populations (Garcia de Leaniz, 2008) . While mitigation of the negative impacts of physical barriers (e.g. fish passes at hydroelectric dams and wildlife passes under highways) has been widely developed, greater understanding of how associated environmental conditions influence migratory behaviour is needed to enhance conservation efforts to restore habitat connectivity.
Fish are frequently selected as models in behavioural research owing to their short generation time providing easy access to subjects at the life stage of interest (e.g. zebrafish, Danio rerio, Blaser & Goldsteinholm, 2012; Miklósi & Andrew, 2006) , because they can be readily bred or obtained from wild stocks, and their use does not generally require large laboratories and sophisticated,
